acid composition of human skin surface film lipid has been analysed in detail by many investigators. '-6> The difference in the amount of secreted surface lipid by sex and by age was also reported repeatedly.7-17) The difference of fatty acid composition of human skin surface film lipid by sex and by age was first examined by Boughton and Wheatley 41 According to these investigators, the skin surface lipids from the same subject varied little from time to time, and there were definite in dividual characteristics in composition ; slight but not significant differences between men and women were observed ; children had less unsaturated C16 acid and more of all three types of C16 acids than adults. The regional differences of the fatty acid composition of the skin surface lipid were also examined by the same investigators. The total fatty acid composition of the skin surface fat, and of the scale in health and disease in Japanese people was first reported by Nakamura.18) On the difference of fatty acid composition between the normal male and female, he noted that over twice the linoleic acid percentage was found in the female over the male, and also higher monounsaturated C16, C17 and C18 acids in the female. The present paper also reports changes in the total fatty acid composition of surface lipid according to sex, age and parts of the body in the Japanese people.
diseases were carefully chosen. In some cases of the newborn and children , lipid was collected also from the scalp, upper part of the chest and of the back; in addition pooled samples were examined, because there was less surface lipid in them than in adults.
In the case of one man, lipid was collected from the other parts of the body than the face and neck in order to examine the regional dif ferences of the fatty acid composition.
Reagents. All the reagents were guaranteed pure reagent grade, and were used without redistillation.
For preparing BF3-methanol, anhydrous methanol was made by drying with metal sodium and distillation.
Methods. Identification of the peaks. Tentative identification of each peak was made by internal standards for myristic, palmitic and stearic acids, and by bromination in carbon tetrachloride for unsaturated acids.20) A procedure to divide un saturated esters from mixtures by mercuric acetate21) and their hydrogenation in methanol with platinum oxide for over 6 hours22) was also tried.
Quantitation.
A quantitation was made by cutting off the chart and weighing the peaks. On the species of fatty acids of the skin surface film lipid and gas chromato graphic conditions. Before the advent of gas chromatography, the composition of fatty acids of surface lipid was analysed by fractional distillation,1, 35) which revealed its unique nature, e.g. straight-chain fatty acids with an odd number of carbon atoms, and the predominant position of the double bond of the monoenes between the 6th and 7th carbon atoms from the carboxyl group. By application of gas chromatography for analysing fatty acid composition of human forearm sebum, James and Wheatley3) showed that both odd and even-numbered straight-chain fatty acids were present as well as two types of branched-chain odd-numbered saturated fatty acids. In recent years, many other homologous series of fatty acids became known to exist in human skin surface film lipid.5. 36) For analysing surface lipid, the following column conditions have been used by many investiga tors:37) a) packed or capillary5) column, b) polar2, 18> or nonpolar38) stationary phase, c) isothermal or temperature programmed2,38) condition. A capillary column with a nonpolar stationary phase revealed a fine resolution.5) In this experiment, a polyester column was adopted, which was rather less suitable for skin surface fatty acids. So these data are not able to compare directly with the results obtained with nonpolar columns by previous investigators.
By separat ing unsaturated fatty esters from saturated ones with mercuric acetate method,21) it was revealed, for example, straight-chain saturated acid methyl esters and branched-chain unsaturated esters of the same number of carbon atoms appeared as one peak with this column. This was true for straight-chain unsaturated methyl esters and branched-chain saturated ones having one more carbon than the former. In the present study, the resolution of each peak was not sufficient for such a complexity of many acids as that of skin surface lipid, and fractiona tion of each peak by gas chromatography and further treatment such as infrared spectroscopy were not tried, the identified peaks were considered to be mainly composed of that kind of fatty acids. Thus a peak on the chromatogram is not necessarily composed of one component, so comparison must be made not be tween each kind of fatty acid, but between each peak on the chromatogram , (mixture of acids). As rat skin contains a fairly large amount of alpha-hydroxy acids,38.40> human skin surface lipid can also contain such kinds of acids to some extent. No treatment to exclude hydroxy acids was performed in this study.
These On the regional differences of fatty acid composition of surface film lipid. The regional differences of fatty acid composition of sebum were reported by Boughton and Wheatley 4) They showed that the saturated acids are higher and the unsaturated lower on the arms and legs than on the other areas of the body (back, chest, face and abdomen). Similar changes were observed in this ex periment, (Table 1) On the sex difference of fatty acid composition. Boughton and Wheatley4) revealed no definite sex difference, but Naka mural8) reported higher value of monounsaturated C40, C17, C18 and linoleic acids in the female than in the male. The present experiment showed that the male had a higher percentage of 16.50 (palmitoleic) acid than the female adult, and aged women had more 18.00 (stearic and branched-chain unsaturated C18) acid than aged men. No significant difference in other acids by sex was noted. The discrepancy about the sex difference of 16.50 (palmitoleic) acid percentage be tween Nakamura's data18) and my experiment could be attributed to the difference in the collecting method of skin surface lipid. When the reported sex difference of the amount of skin surface fat is compared to these differences of composition of the fatty acid by sex, these changes can be almost wholly explained by the theory of Boughton and Wheatley.4) This will be discussed later. On the variation of fatty acid composition with age and interpretation of the results. Boughton and Wheatley4) clearly demonstrated a correlation between the percentage of unsaturated acids in the surface lipids and sebaceous activity of the skin. In the present study, no quantitation of the skin surface lipid level was performed, but this correlation would be recognizable if the variation of the fatty acid composition with age would be compared with the reported dif ference of sebum level with age. It is well known that the amount of skin surface lipid is small in childhood, increasingly more from the onset of adolescence and high in adulthood. Suzuki15) stated that men secrete more sebum than women after puberty. In old age he noted a decreasing tendency in the male, and a distinct decrease of the amount of surface fat in aged females. Many other investigators7, 8. 10-14, 16 17,29,33,41,42) noted such tendencies, too, though with some qualifications.43. 44) Emanuel26) found high values, in the range of adults, in the newborn, and in those after thorough removal of vernix caseosa. It was revealed by Blecha et a145) that the production of the total ether-extractable esteri fled fatty acids decreased slowly during the first year of life. In the present study, the percentage of palmitoleic acid was low in the newborn and in child hood, but high after adolescence in the male. In the aged female palmitoleic acid decreased markedly. This tendency is consistent with the above mentioned changes of the amount of surface lipid according to age with an exception of the newborn. So it would be reasonable to think that palmitoleic acid originated from the sebaceous gland as suggested by Boughton and Wheatley 4) If the high surface lipid level in the newborn is caused by high sebaceous gland activity , the percentage of the palmitoleic acid should also be high in the newborn accord ing to this theory. This discrepancy could be explained either by a diminished contribution of the sebaceous excretion to the ether-extractable substance in the newborn, or by a decreased 16.50 (palmitoleic) acid content of the sebaceous excretion in him. This would be decided by analysing the pure sebaceous ex cretion. The difference by sex of 16.50 (palmitoleic) acid percentage (a higher percentage in the adult male than in the adult female) can be understood by Boughton and Wheatley's opinion, when considering Suzuki's report .15) Not all of the unsaturated acids showed this tendency. 18.44 (oleic) acid , inspite of its unsaturatedness, had an inverse tendency with age to 16 .50 (palmitoleic) acid : this was a high percentage in childhood though insignificant . This tendency is possibly due to its different metabolic pathway or origin, from 16 .50 (palmit oleic) acid. As the double bond of oleic acid in the surface film lipid occurs in an exceptional position as to the other unsaturated ones , Nicolaides et al36) con cluded that oleic acid had an origin other than the sebaceous gland . Therefore, it seems not necessarily correct to think that all the unsaturated acids ori ginate f rom the sebaceous gland, and the saturated from epidermal cells . 14.00 (myristic) acid was thought to be only slightly contaminated by other acids from the fractionation experiment with mercuric acetate . 14.00 (myristic) acid revealed a distinct variation with age. The percentage of it was low only in childhood. It can be considered to be mainly originating from the sebaceous gland, as it had a high percentage value in the newborn, and showed a comparable change according to age with the activity of the sebaceous gland as mentioned above. 16 recently, using polar and nonpolar columns, investigated the fatty acid com position of the triglycerides and phosphatides which represented a large pro portion of the total lipid of the epidermis. His study showed that the main com ponent fatty acids were oleic, palmitic and linoleic in triglycerides, and oleic, linoleic, palmitic and stearic acids in phosphatides.
Judging from these data, palmitic, oleic and linoleic acids are thought to be the main components of the fatty acids of epidermal origin. Thus the low value of palmitoleic acid and the high oleic acid in children and aged women can be explained by the prevalence of the epidermal fatty acids due to a deficient sebaceous gland secretion. How ever, high 18.00 (stearic and branched-chain unsaturated C18) acid in aged female can not necessarily be explained by this theory. This phenomenon needs further investigation. 5) Variations by sex. In adults, the male had a higher 16.50 (palmitoleic) acid content, and in adults above 50 years of age, the female had higher 18.00 (stearic and branched-chain unsaturated C18) acid content. 6) Variations by age. 14.00 (myristic) and 16.50 (palmitoleic) acids showed changes parallel to the amount of skin surface lipid with some excep tions: they were lower in childhood, and higher after adolescence. The per centages of 18.00 (stearic and branched-chain unsaturated C18) and 18.44 (oleic) acids showed an inverse change by age: they were high in childhood.
7) These changes of fatty acid composition of skin surface film lipid can be partly explained, at least, by considering them as the result of a different mixture ratio of lipids from epidermal and sebaceous gland origin.
8)
It was deduced that myristic and palmitoleic acids mainly originate from the sebaceous gland and oleic acid from the epidermal cells.
